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ABSTRACT. The presence and restriction fragment length polymorphism (RFLP) of DNA fragments hybridizing with viru- 
lence and "house keeping" gene probes were analyzed for 87 group B streptococcal (GBS) strains of human and bovine origin. 
Most characteristics obtained for bovine strains were similar when compared with those for human strains. The most signifi- 
cant degree of RFLP was discovered for the sizes of HindlII fragments containing bca gene. Human GBS strains with bac gene, 
encoding 13 antigen with IgA binding capacity, were characterized by almost identical complex hybridization patterns with mul- 
tiple gene probes. At the same time bac gene was not found among bovine GBS strains. Gene scpB that encodes C5a peptidase 
in all human GBS strains was detected only in 9 of 39 strains of bovine origin. These two characteristics effectively distin- 
guished bovine GBS strains from GBS strains of human origin. 

Streptococcus ayalactiae (group B streptococci, GBS) are Gram-positive bacteria with the wide 
range of the hosts. Group B streptococci are isolated from both human and animals such as cows, cat- 
tle, pigs, nutrias etc. (Smola I993). GBS, being the important human pathogen causing the pathology of 
pregnancy and infectious diseases of the newborns (Baker and Edwards I99o), remains actual also for 
veterinary practice as a causative agent of the dairy cow mastitis. There are no exact evidences for the 
exchange of GBS strains between animals and human. The question, if different GBS strains of animal 
origin can persist in human, is still open. GBS of bovine origin are usually isolated from the cow milk 
and probably can be transmitted to human. But at present there are no strong evidences on epidemio- 
logical identity of the strains isolated from both sources. A little is known regarding animal GBS 
genetics (Bentley and Leigh I996; Denning et al. I989;  Forsman et al. 1997) and nothing is known about 
the distribution of virulence genes specific for human GBS strains among GBS strains isolated from the 
dairy cows while human GBS strains were well characterized immunologically and genetically. The pre- 
sent study was devoted to the comparative analysis of the genetic diversity of human and bovine GBS 
strains and investigation of the presence of virulence genes specific for human GBS among GBS iso- 
lated from the dairy cows. 

M A T E R I A L S  A N D  M E T H O D S  

Thirty four GBS strains of human origin were isolated in Beijing (P.R. China), 39 strains of 
bovine origin were isolated from the cow milk in different regions of Slovakia. Bacteria were cultivated 
in Todd-Hewitt broth (Difco, USA) at 37 ~ All strains were identified by group B specific antiserum. 
IgA binding activity of the strains was determined according to Suvorov et al. 0997). Hindl I I  and PvulI  
ribosomal types of GBS strains were determined using rrs gene as a probe. Additionally Hindl I I  ribo- 
types were determined for 14 human strains isolated in St. Petersburg (Russia). The presence of viru- 
lence and "house keeping" genes in the genome of GBS strains under study was tested by PCR and 
DNA-DNA hybridization. DNA probes for the investigation were prepared by labeling of the recom- 
binant plasmids or PCR products using DNA Labeling and Detection kit (Boehrinoer , Mannheim, 
Germany). The other procedures were done according to (Maniatis et al. 1982). The sizes of DNA 
fragments were estimated employing computer program SEQAID. 
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R E S U L T S  A N D  DISCUSSION 

Thirty four Chinese human GBS strains and 30 of 39 GBS strains of bovine origin were tested 
by D N A - D N A  hybridization for the presence of bca, bac, scpB, scaA and glnA genes, encoding the 
surface proteins - -  Qt-antigen, 13-antigen, C5a peptidase, aggregation factor and glutamine synthetase 
potentially involved in virulence of human GBS and "house keeping" gene pet. HindlII and EcoRI 
endonucleases were used to digest chromosomal DNA. Genes scaA, pet and glnA were found in all 
GBS strains tested. The certain degree of RFLP was found for DNA fragments hybridizing with glnA 
andpet gene probes, while the sizes of HindlII fragments, containing scaA gene, were equal to 2.0 kb 
for all the strains (Table I). 

Table I. Ribosomal types of GBS strains and the sizes of DNA fragments hybridizing with gene probes 

G e n e  Restriction 
probe enzyme 

Human GBS strains Bovine GBS strains 

size, kb number size, kb number 

scaA Hindlll 

pet EcoRl 

g lnA E c o RI 

2.0 34 2.0 30 

3.2 8 3.2 10 
3.8 26 3.8 20 

6.5 29 6.5 10 
11.2 3 8.4 11 
12.6 2 9.7 9 

bac HindlII 3.1 15 b 39 
3.0 1 
3.2 1 

_ a  17 

bca HindlIl 4.2-7.7 18 4.2-7.5 18 
_ a  16  _ b  21 

scpB HindlIl 2.6 27 2.6 9 
2.7 7 _a 30 

rrs HindlIl HI* 37 HI* 10 
H2* 3 H3* 14 
H3* 8 H4* 5 

- -  14 c H3* 1 

aNot detected, bNot detected including strains tested by PCR only. 
CIncluding Russian strains tested additionally. *rDNA pattern. 

Gene scpB encoding C5a peptidase was found in all human GBS strains under study. Unex- 
pectedly this gene was detected only in 9 of 39 bovine GBS strains by D N A - D N A  hybridization. The 
sizes of HindIII fragments hybridizing with scpB gene probe were equal to 2.6 or 2.7 kb for human 
strains and 2.6 kb for scpB gene positive bovine strains. Fifty one bp deletion in 3' r e#on  of scpB gene 
of GBS strains in comparison with scpA gene of group A streptococci (GAS) is an important difference 
between scpB and scpA genes that was previously discovered (Chmouryguina et al. 1996). The primers 

5 '-ACAATGGAAGGCTCTACTGTTC- 3 ' and 
5 '-ACCTGGTGTTTGACCTGAACTA- 3 ' 

for the region around this deletion were constructed to determine the presence of 51 bp deletion in 
scpB gene of GBS strains. Thirty four Chinese and 14 Russian human GBS strains as well as 39 Slo- 
valdan bovine strains were investigated by PCR. After PCR the fragments of the expected size of 
255 bp were amplified. This size was the same for all human GBS strains and scpB gene positive bovine 
GBS strains (Fig. 1) while GAS strains revealed 306 bp amplifying fragment (data not shown). It indi- 
cates the presence of 51 bp deletion in scpB gene of both human and bovine GBS strains. The presence 
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of 51 bp deletion in all human GBS strains could be a suitable marker for differentiation of GAS from 
human GBS. Interestingly 9 of 39 bovine strains (77 %) were found to be scpB gene negative strains 
while all human GBS strains possessed this gene. Probably only scpB gene positive GBS strains of ani- 
mal origin can be infective for human. 

1 2 3 4 5 6 

255 bp 
bp 

23130 

9614 

6557 

1 2 3 4 5 6 

Fig. 1. Detection of scpB gene in group B streptococcal 
strains by PCR; 1 --  negative control, 2 --  100 bp ladder, 
3, 4 -- scpB gene negative bovine GBS strains, 5 - -  scpB 
gene positive bovine GBS strain, 6 --  scpB gene positive 

human  GBS strain. 

4361 

Fig. 2. Different sizes of HindllI fragments hybridizing with 
bca gene probe. 

q-he presence of gene bac, encoding IgA binding 15-antigen of human GBS (Heden et al. 1991; 
Jerlstrom et al. ~990 was investigated among 34 human strains and 39 bovine strains by hybridization 
or PCR. The recombinant plasmid pS1 (Suvorov et al. I997) was used as a probe for D N A - D N A  
hybridization. Surprisingly bac gene was not revealed in bovine strains at all. From the other hand this 
gene was detected in 17 of 34 human strains tested (Table I). Recently it was proposed that the pres- 
ence of bac gene is the genetic marker which distinguished GBS in two lineages (Dmitriev et al. I998). 
The results of the present study probably indicate that bac § genetic lineage of GBS is specific for 
human strains though screening of a larger bovine strains collection for the presence of bac gene 
should be performed. The question if the strains of bac § genetic lineage can persist in animals is still 
open. 

q-he presence of another virulence gene of human GBS strains --  gene bca (Michel et al. I993) 
--  was detected by D N A - D N A  hybridization and PCR. Two primers, ~iz. 

5 '-CAGGAGC-GGAAACAACAGTAC- 3 ' and 
5 '-GTATCCTTTGATC CATC TGGATACG- 3 ' 

for bca gene specific repeats were constructed and after PCR analysis it was established that 18 of 39 
bovine strains and 18 of 34 human strains possessed this gene. Some strains produced only i intensive 
band of the expected size of 184 bp. Other strains produced different numbers of DNA fragments that 
presented ladder-like structure. The size of the smallest fragment was also 184 bp. The sizes of ampli- 
fied fragments were similar both for human and bovine strains. The presence of bca gene in the 
genome was confirmed by D N A - D N A  hybridization. For this purpose 184 bp amplifying fragment was 
isolated from agarose and used as a probe. Interestingly the sizes of HindlII fragments containing bca 
gene were determined as different and varied from 4.2 to 7.5 kb for bovine strains and from 4.2 to 
7.7 kb for human strains (Fig. 2). These results can be explained by the different numbers of specific 
repeats in bca gene structure (Michel et al. I993). 

HindlII ribosomal types of 48 human strains and 30 bovine strains were determined using rrs 
gene as a probe. HindlII enzyme was found to have unsuflicient discriminative power for ribotyping. As 
result, 5 HindlII rDNA patterns were revealed among the strains tested (Table I). Forty seven, 3, 22, 5 
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and 1 strains were characterized by H1, H2, H3, H4 and H5 HindlII  rDNA patterns, respectively. H1 
and H3 rDNA patterns were predominant for both human and bovine GBS strains. Forty five of 48 
human strains (94 %) and 24 of 30 bovine strains (80 %) belonged to ribosomal types H1 and H3. 
Interestingly, 5 bovine strains isolated in the same farm belonged to ribotype H4. The sizes of DNA 
fragments hybridizing with different gene probes were also similar for these strains. It can reflect the 
possible epidemiological similarity between these strains. From the other hand some strains isolated in 
another farm were different only in size of HindlII  fragment hybridizing with bca gene. The predomi- 
nant rDNA patterns HI  and H3 were characteristical for the strains isolated in Russia, Slovakia and 
China that reflects independence of HindlII GBS ribotypes of the geographic area. No correlation 
between origin of GBS strains and their HindlII ribosomal types was observed as well as HindlII  could 
be used for the efficient differentiation of the strains. 

Additionally, PtmlI ribosomal types were determined for 28 human strains. Analyzing PvulI 
r D N A  patterns it was found out that 16 of 17 human strains carrying bac gene belonged to the same 
ribotype PL Another 12 strains tested belonged to 10 different ribotypes P1-P10.  It indicates the effec- 
tiveness of PmtlI ribotyping for all the strains except the strains with bac gene. Most of other charac- 
teristics of bac gene positive GBS strains were also similar except the size of HindlII  fragment, con- 
taining bca gene. So, the number of specific repeats in the structure of gene bca can be considered as 
a most suitable discriminative marker especially when other markers can not distinguish GBS strains. 

D N A - D N A  hybridization analysis with gene probes provided the opportunity of the simulta- 
neous analysis of different regions of the GBS genomes by comparison of strain specific hybridization 
patterns. Surprisingly the hybridization patterns of GBS strains with bac gene were found to be almost 
identical. This finding leads us to the proposal of genetic relationship of the strains, carrying bac gene, 
which possibly gives the GBS strains some biological advantages. At the same time bac gene was not 
found among the bovine GBS strains. Gene scpB that encodes C5a peptidase in all human strains was 
detected only in 9 of 39 strains of bovine origin. 

Three genotypes, bca § scpB + bac, bca § scpB bac 
and bcascpBbac,  were revealed among bovine GBS 

Table II. Genetic types of human and bovine GBS strains. Also three genotypes, bca + scpB + bac, 

strains used (%) bca + scpB + bac + and bca scpB + bac, were revealed 
among human GBS strains (Table II). Interestingly, the 

Genetic type Human Bovine strains of bca + scpB bac and bca scpB bac genotypes 
isolated from animals have never been isolated from 

bca + bac + scpB + 50 0 human. Only genotype bca + scpB + bac were found to 
bca+ bac scpB + 3 23 
bca bac scpB + 47 0 be specific for both bovine and human strains. It proba- 
bca + bac scpB 0 26 bly means that only GBS strains of bca + scpB + bac gen- 
bca bac scpB 0 51 etic type can be exchanged between animals and human 

and considered as a causative agent for both animals 
and human. Meanwhile this proposal should be con- 
firmed in the model experiments. 

In conclusion, gene bac, encoding IgA binding ~ antigen, was not found among bovine GBS 
strains. Human GBS strains, carrying bac gene, were characterized by almost identical complex hybrid- 
ization patterns with multiple gene probes. Gene scpB, encoding C5a peptidase in all human GBS 
strains was found in 23 % of bovine GBS strains. Among 5 genetic types discovered for GBS strains 
under study only strains of bca § scpB + bac genotype can be probably exchanged between animals and 
human and considered as a causative agent both for animals and human. 
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